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PRKFACE. 



The rapid extension of the practice of 
stadia measurements has naturally created 
a demand for a guide to the method. 
The present hand-book contains a com- 
plete exposition of the theory, with di- 
rections for its application in the field. 
The tables for reduction of observations 
have been in use by the author on the 
Geological Survey of Pennsylvania. 

To increase the serviceableness of the 
book ihe trigonometrical four place tables 
have been added. 

EdITOB of MAfiAZZNlU 



STADIA SURVEYING.* 



The fundamental principle upon which 
stadia measurements are based, is the 
geometrical one that the lengths of par- 
allel lines subtending an angle are pro- 




portional to their distances from its apex. 
Thus if, in Fig. 1, a represents the 

* The credit of having first introduced this method 
of measurement Into this country would seem to be- 
long to Mr. John E, Mayer, a French Swiss. It was 
used by him as early as 1850 ; and subsequently, during 
his connection with the United States Lake Survey, 
he did much towards perfecting the instruments and 
improving the methods of work. An essay by him in 
the Journal FranJUin Institute for January, 1866, con- 
tains a short historical sketch of the development of 
topographical surveying and a brief discussion of the 
general principles of Stadia measurements. 
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length of a line subtending an angle at a 
distance d from its apex, and a' the length 
of line, parallel to and twice the length of 
«, subtending the same angle at a dis- 
tance d' from its apex, then will d' equal 
2d, 

This is, in a general way, the underly- 
ing principle of stadia work ; the nature 
of the instruments used, however, intro- 
duces several modificationc:, and these will 
be best understood by a consideration of 
the conditions under which such measure- 
ments are generally made. 

In the telescopes of most instriunents 
fitted for stadia work, there are placed 
either two horizontal wires (usually ad- 
justable) or a glass with two etched hori- 
zontal lines at the position of the cross 
wires, and equidistant from the center 
wire. 

A self -reading stadia rod is further 
provided, graduated according to the 
units of measiu^ement used. 

In a horizontal sight with such a tele- 
scope and rod, the stadia wires seem to 
be projected upon the rod and to inter- 



cept a distance whicfa in Tig. 2 is repre- 
sented b; a. 




In point of fact there ie formed, at the 
position of the stadia wireB, a small con- 
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jugate image of the rod which the wires 
intersect at points b smd c, which are re- 
spectively the foci of the points B and 
on the rod. If, for simplicity's sake, the 
object glass be considered a simple bi- 
convex lens, then, by a principle of optics, 
the rays from any point of an object con- 
verge to a focus at such a position that a 
straight line, called a secondary axis, con- 
necting the 2^oint with its image, passes 
through the center of the lens. This 
point of intersection of the secondary axes 
is called the optical center. Hence, it 
follows that lines such as c C and b B, in 
Fig. 2, drawn from the stadia wires 
through the centre of the object glass 
will intersect the rod at points corre- 
sponding to those which the wires cut on 
the image of the rod. From this follows 
the proportion : 

-—-.\d=^a^ . . • (1) 

Where : 

^?=the distance of the rod from the 
center of the objective ; 
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^=tlie distance of the stadia wires from 
the center of the objective ; 

a=the distance intercepted on the rod 
by the stadia wires ; 

I = the distance of the stadia wires 
apart. 

If p remained the same for all lengths 
of sight, then -y- could be made a desir- 
able constant and d would be directly^ 
proportional to a. Unfortunately, how- 
ever, for the simplicity of such measure- 
ments, p (the focal length) varies with 
the length of the sight, increasing as the 
distance diminishes and vice versa. Thus 
the proportionality between d and a is 
variable. 

The object, then, is to determine ex- 
actly what function a is of <:^ and to 
express the relation in some convenient 
formula. 

The general formula for bi-convex 
lenses is: 

- + —,=\' ... (2) 
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/ IB the principal fo:al length of the 
lens, and/> and/>' are the focal distances 
of image and object, and are appraxi* 
matehj the same as p and d, respectiyelv, 
in equation (1) : 

111 

therefore, - +-^ =-, approximately. 

and-=-— 1 
P f 

rrom(l),|=^ 

whence r7=^a+/ . . . (3) 

In this formula, it will be noticed that, 
as f and 7" remain constant for sights of 
all lengths, the factor by which a is to be 
multiplied is a constant, and that d is 
thus equal to a constant times the length 
of a, plus /. This formula would seem, 
then, to express the relation desired, and 
it is generally considered as the funda- 
mental one for stadia measurements. As 
above stated, however, the equation 
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1 1_1 

is only approximately true and the con- 
junction of this formula with (1) being, 
therefore, not rigidly admissible, equation 
(3) does not express the exact relation.* 
The equation expressing the true rela- 
tion, however, though differing from (3) 
in value, agrees with it in form and also 
in that the expression corresponding to 

:=r is a constant and that the amount to 

be added remains, practically, f. The 

f 
constant corresponding to ^ may be 

called k'\ and thus the distance of the 
rod from the objective of the telescope is 
seen to be equal to a constant times the 
reading on the rod, plus the principal 
focal length of the objective. To obtain 
the exact distance to the center of the in- 



* This is demonstrated o)i page 21. 

t^is dependent upon I and can, therefore, be made 
a convenient value in any instrument fitted with ad- 
justable stadia wires. It is generally made equal to 
100, so that a reading on the rod of 1 corresponds to a 
distance of 100+/. 
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strument, it is farther necessary to add 
the distance of the objective from that 
centre, to /; which sum may be called c 
The final expression for the distance, 
with a horizontal sight, is then 

d=ka-{'C . . (4) 

The necessity of adding c is somewhat 
of an incumbrance. In the stadia work 
of the United States Government sur- 
veys an approximate method is adopted 
in which the total distance is read di- 
rectly from the rod. For this method 
the rod is arbitrarily graduated, so that, 
at the distance of an average sight, the 
same number of units of the graduation 
are intercepted between the stadia wires 
on the rod, as units of length are con- 
tained in the distance. For any other 
distance, however, this proportionality 
does not remain the same ; for, according 
to the preceding demonstration, the 
reading on the rod is proportional to its 
distance, not from the center of the in- 
strument, but from a point at a distance 
^^c" in front of that center; so that, 



► 
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when the rod is moved from the posi* 
tion where the reading expresses the 
^xact distance to a point, say half that 
distance from the instrument center, the 
reading expresses a distance less than 
half ; and, at a point double that distance 
from the instrument center, the distance 
expressed by the reading is more than 
twice the distance. The error for all 
distances less than the average being 
minus, and for greater distances plus. 
The method is, however, a close approxi- 
mation, and excellent results are obtained 
by its use. 

Another method of getting rid of the 
necessity of adding the constant was de- 
vised by Mr, jPorro, a Piedmontese, who 
constructed an instrument in which there 
was such a combination of lenses in the 
objective, that the readings on the rod, 
for all lengths of sight, were exactly pro- 
portional to the distances.* The instru- 

* A notice of this instrument will be found in aa 
article by Mr. Benjamin Smith Lymon, entitled " Tele- 
scopic Measurements in Surveying," in Jour. Frank' 
tin Inst.f May and June, 1868, and a fuller description 
is contained in Annalea des Mines^ Vol. XVE, fourth 
series. 



mflnt jnK, horevOT, bulk; and di£SoiiIiio 
oonstmct, &ud never came into extetunTe 




For Btadia meaBtureioents with inclined 
sights there are two modes of prooednra. 
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One, is to hold the rod at right angles to 
the line of sight ; the other, to hold it 
vertical. With the first method it will 
be seen by reference to Fig. 3, thrtt the 
distance read is not to the foot of the 
rod, E, but to a point, f^ vertically under 
the point, JP, cut by the center wire. A 
correction has, therefore, to be made for 
this. An objection to this method is the 
difficulty of holding the rod at the same 
time in a vertical plane and inclined at a 
definite angle. Further, as the rod 
changes its inclination with each new po- 
sition of the transit, the vertical angles 
of back and foresight are not measured 
from the same point. 

The method usually adopted is the 
second, where the rod is always held ver- 
tical. Here, owing to the oblique view 
of the rod, it is evident that the space in- 
tercepted by the wires bn the rod varies, 
not only with the distance, but also with 
the angle of inclination of the sight. 
Hence, in order to obtain the true dis- 
tance from station to station, and also its 
vertical and horizontal components, a 



i 



correcticm must be made for this obUqtM 
Tiew of the j-od. In Fig. 4, 




AB=a=the reading on the rod ; ' 
MF!=rf=the inclined di8tanoe=c+GF 
=c+fcCD. 
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MP = D = the horizontal distance = d 

cos 71, 

FP:=Q= the vertical distance=D t&dn 
n=the vertical angle, 
AGB=2/7i. 

It is first required to express d in terms 
of ri, n and m. 

From the proportionality existing be- 
tween the sides of a triangle and the sides 
of the opposite angles, 

AF sin ni 



GF^sin [90° + (w-m)] 

1 



or, AF=GP sinm 



cos {n—mY 



, BF sin m 

and^rT:: = — 



GF""sin [90°-(/i + m)] 

or, BF=GF sin m -. , ; 

' cos ( /I H-m) 



.-. AF -f BF=GF sin ml ^ 

\cosm— 



(w— m) 



-4- 

COS ( 



n-hm); 
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CD 



AJF + BF=a, and GF= 



2 tan m 

CD cos m 
"" 2 sin m 



By substituting and reducing to a com- 
mon denominator, 

_ CD cos m [cos (n + m) + cos (w — m)] 
"" 2 cos (n-{-m)coQ (n—m) 

Reducing this according to trigono- 
metrical formulae, 

^^ cos* n cos' m— sin' n sin' m 

CD=a i 

cos n cos m 

as<:?=MF=c+A;.CD, 

- , cos' n cos' m — sin* n sin' m 

.•. d=c-\-ka • 

cos n cos m 

The horizontal distance, I>=d cos n. 

.\T>=c cos n + ^a cos';i —ka sin'w tan' m. 

**The third member of this equation 
may safely be neglected, as it is very 
small even for long distances and large 
angles of elevation (for 1500', n=45® and 
^=100, it is but 0.07'.) Therefore, the 
final formula for distances, with a stadia 
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kept vertical, and with wires equidistant 
from the center wire, is the following :" 

'D=c cos n + a k COB* n . . (5) 

The vertical distance Q, is easily ob- 
tained from the relation : Q=D tan 91. 

, \ Q=c sin n + ak cos n sin w 

. sin 2w 

orQ,=G Binn + ak — ^ — . (6)* 

With the aid of formulae (5) and (6) the 
horizontal and vertical distances can be 
immediately calculated when the reading 
from a vertical rod, and the angle of ele- 
•vation of any sight are given ; and it is 
from these formulsB that I have calcu- 
lated my stadia reduction tables. The 

values of ak cos^^n and ak — ^ — were sep- 
arately calculated for each two minutCg 
up to 30 degrees of elevation; but, as 
the value of c sin n and c cos 91 have 

* The above demonstration is substantially that 
given by Mr. George J. Specht, in an article on Topo- 
graphical Surveying in Van Nostrand's Engineering 
Magazine for February, 1880, though enlarged and cor- 
rected. 
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quite an inappreciable variation for 1 de- 
gree, it was thought sufficient to de- 
termine these values only for each djB- 
gree. As c varies with different instru- 
ments these last two expressions were 
calculated for three different values of c, 
thus furnishing a ratio from which values 
of c sin n and c cos n can be easily deter- 
mined for an instrument having any con- 
stant (c). 

Similar tables have been computed by 
J, A, Ockersoii and Jarecl Teeple, of the 
United States Lake Survey. Their use 
is, however, limited, from the fact that 
the meter is the unit of horizontal meas- 
urement while the elevations are in feet. 
The bulk of the tables furnish differences 
of level for stadia readings up to 400 
meters, but only up to 10° of elevation. 
Supplementary tables give the elevations 
up to 30° for a distance of one meter. 
For obtaining horizontal distances refer- 
ence has to be made to another table, 
which is somewhat an objectionable fea- 
ture, and a multiplication and a subtrac- 
tion has to be made in order to obtain 
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the result. Last, but not least, these 
tables are, apparently, only accurate 
when used with an instrument whose 
constant is 0.43 meters. 

As stated in the preceding discussion 
(p. 11), the generally accepted formula 
expressing the relation between the dis- 
tance in a horizontal sight, the reading on 
the rod, the distance of the stadia wires 
apart, and the focal length of the object- 
ive is 

f 
d=j^ a-\-f . . . (3) 

where c7, a, I and / represent these fact- 
ors respectively. 

This formula is derived from the con- 
junction of the two equations : 

d^\ « ; • . . • (1) 

and-+-^=-^; . . . (2) 
P P f ' 

p and/> in (2) being considered as equal 
to p and d in (1). p and d in (1), it will 
be remembered, are the distances from 
the center of the objective to the image 
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and object respectdvely. But the general 
formula for lenses, (2), is derived on the 
supposition that p and p' are measured 
from the cHerior faces of the lens, and 
therefore ;> and d m (1) are each greater, 
by half the thickness of the lens, than p 
and p' in (2). Further, this formula is 
derived on the supposition that the ob- 
ject glass of the telescope is a simple, bi- 
convex lens, whereas, in fact, it is a com- 
pound lens composed of a piano concave 
and a biconvex lens. Now, though these' 
points may seem insignificant in them- 
selves, they may greatly influence the 
final result, as a difference of only 1 in 
the denominator of such a fraction as 

1,000,000 ,, ,, ,,, , 
^ may alter the result by as much 

as 500,000. Considerable thought and 
time has, therefore, been given to the 
consideration of the effect of these cor- 
rections, and, as a result, it was found 
that the formula (3) does not express the 
true relation even within practical limits ; 
and that if it were attempted to calculate 
the distance, d^ by this formula, when 
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the factors f^ p and a were given, a re- 
sult would be obtained which would dif- 
fer considerably from the real distance. 

The inaccuracy lies in the expression 

f 

Y' The one to be substituted for it is, 

however, like it, a constant for each in- 
strument ; and, as we determine the value 
of this constant by actual trial and not 
from a knowledge of the values of / and 
I, the correction to be made will not af- 
fect the practice. 

Considering first the case of a tele- 
scope with a simple, biconvex lens, the 
optical center being, here, in the center 
of the lens, d and/>, in equation (1), as 
before stated, are measured from the 
center of the lens, while, in equation (2), 
p and p' are measured from the exterior 
faces. If the thickness of the lens be 
taken as 2a^ then 

p in equation (!)=/> in equation (2), 
minus x ; and 

p' in equation (l)=d in equation (2), 
minus x. 
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Therefore, while (1) remains 

I 



rf= ja, or JO ■=- rf . (la) 



by substitution, (2), becomes, 



11 
+T—=-^ • • (2a> 



p—x d—x f 
Substituting d- ior p in (2a) 



I 

X 



^I ^ d-x ""/ 

d — X ^ 



a 



A d—x+d x=-ld'—Qc\ Id x\ 

z=^-d^-^-^d-x-—^dx-\--x^ 
f a f a f f 

whence, — 2a;— ^a;*=-^cf- 

-4«(j..H(i..) 

Multiplying both sides by - -^ 
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ii/„ 1 ,\ 1 -,r 



Adding to both sides 



2 squared. 



■ i af 1^ + ?"' } 

Extracting the square root of both terms, 
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Therefore, 



</ie«)(H)rii 



-rA^-r') 



+ 



(-^^)(7-^)! 



-—A 



or 



^_ jl+a) (x+f) 



This is the exact formula correspond- 
ing to (3), for biconvex lenses. This can, 
however, be considerably reduced v^ith- 
out materially aflfecting its value. With 
a telescope of the dimensions of that of 
an ordinary engineer's transit, the term 

rr {x' + 2a;/) diminishes the result by about 

^ of an inch and, therefore, may be neg- 
lected. Formula (3a), then becomes : 

(I + ^)(a;+/) 
21 
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__ Ice H- 1/*+ ax + af 
" I 

r 

■ 

The addition of x (half the thickness 
of the object glass) would be inappreci- 
able in the length of any ordinary sight, 
and may be omitted. The final expres- 
sion becomes, then, 

J=?^a4-/ . (3b) 

This formula, it will be observed, dif- 
fers from (3) in that the reading on the 
rod (a), is multiplied by x-\-f instead of 
A The numerical difference between the 
results is seen in the following examples: 

Consider first the case with a one-foot 
reading on the rod, and let ic= .18", 
/•=9.00", and I=.08".* 

Formula (3) becomes, then: 

9 00" 
<?=-^12.00" + 9.00"=1359"=113.25'; 



* rhese are very closely the dimensions in Heller & 
Brightly' s large Surveyor's Transit (5-inch needle), as 
kindly furnished me by Mr. Heller. 
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Formula (3b) becomes' 



rf=:±^i_^i2.oo" 



.18" + 9.00' 

+9.00"=1386=115.50' 



Difference= 2.25' 

"When the reading on the rod is 6 feet 
(or 60") then, (3) becomes: 

d= ^^ 60.00" 4- 9.00= 563.26'; 



and (3b) becomes: 

.18'' + 9.00" 
.08 



d= ' ^^ — 60.00" + 9.00= 674.60' 



Difference =11.26'* 

The above demonstration shows, then^ 
that, with a simple biconvex object glass^ 
the usually accepted formula expressing 
the relation between the distance, the 
reading on the rod, the distance, of the 
stadia wires apart, and the focal length 
of the objective, is not accurate even 

* As the difference is evidently proportional to the 
length of sight, with a KXXK sight it would amount to 
28.6', etc. 
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vrithin the limits of accuracy of such 
measurements. With the usual combi- 
nation of lenses in objectives this error 
would still remain. The derivation of a 
formula similar to (3^), for such lenses, 
would, however, be extremely difficult, 
and would only hold for the special lens 
in question. For, \v;^th such a combina- 
tion of lenses, the optical center would 
no longer remain in the center of the 
lens, but would vary its position accord- 
ing to the relative thicknesses of the two 
glasses, their radii of curvature and their 
indices of refraction ; and, after its posi- 
tion had been determined by abstruse 
calculation and refined experiment, its 
distance from the two exterior faces of 
the compound lens would be expressed 
by two different values (a; and as^) instead 
of two equal values (x) ; and this would 
very much comphcate further calcula- 
tion. 

It was seen that, in the newly deduced 
formula, for biconvex objectives, like that 
heretofore accepted, the factor by which 
the reading on the rod is multi^Ufid V^ ^ 
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constant for each instrument, and that 
the practical method of adjusting the 
instrument remains the same. The 
question now arises, does this remain the 
case with a compound objective ? 

In view of the difficulty of demonstrat- 
ing this mathematically it was decided to 
make a practical test of this point with a 
carefully adjusted instrument. A dis- 
tance of 500 feet was first measured off 
on a level stretch of ground, and each 50 
foot point accurately located. From one 
end of this line three successive series of 
stadia rea^lings* were then taken from 
the first 50 foot and each succeeding 100 
foot mark. The following table contains 
the results : 



* The readinfirs were taken from two tarf^ets,. set so 
that the sight should be horizontal and thus also pre- 
ventinf? any personal error or prejudice from afleot" 
ing the reading 
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Maltiplyiiig the mean of these retdingB 
by 100, and sabtraeting the result from 
the corresponding distancOi i?e obtain 
the following table : 
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The variatioiis between the numbers 
of the column of dififerences are slight, 
the maximam from a mean value of 1.43 
feet being only .21 feet. A study of the 
tables will show that these variations have 
no apparent relation to the length of the 
sight ; in the maximum case, the variation 
corresponds to a reading on the rod of only 
.0021 feet (an amount much within the 
limits of accuracy of any ordinary sight). 
We are, therefore, perfectly justified in 
concluding that these variations are acci- 
dental, and that the '^ difference " is, for 
all practical purposes, a constant value. 

We thus see that with a telescope hav. 
ing a compound, plano-convex objective, 
whatever the formula may be expressing 
the relation between rf, /, aj, etc., the 
horizontal distance is equal to a constant 
times the reading on the rod plus a con^ 
stanty and may, as in the other cases, be 
expressed by the equation, 

d=ak-\-c* 



* ThiB may seem a statement of what was already a 
well-known fact. But, heretofore, It has been as- 
sumed to be a dlreot deduction from optical principles, 



34 



The many advantages of stadia meas- 
urements in surveying need not be dwelt 
upon here, both because attention has 
been repeatedly called to them, and be- 
cause they are self-evident to every engi- 
neer. Neither will it be within the com- 
pass of this article to describe the various 
forms of rods and instruments, or the 
conventionalities of stadia work. 

A few precautions, necessary for accu- 
rate work, should, however, be empha- 
sized. First, as regards the special ad- 
justments : care should be taken that in 
setting the stadia wires* allowance be 

and as, according to the preceding article, this is not 
so clearly evident, it seemed necessary to redeter- 
mine the point. 

* This applies to an instrument with movable stadia 
wires, and not to one with etched lines on glass. In the 
latter case the graduation of the rod is the adjust- 
able portion. It has been claimed as an advantage 
for etched lines on glass, that they are not aflFected by 
variations of temperature while the distance between 
stadia wires is. A series of tests which I made with 
one of Heller & Brightly's transits, to determine this 
point, showed no appreciable alteration in the space 
between the wires, as measured on a rod 500 feet dis- 
tant, with a range of temperature between that pro- 
duced in the instrument by the sun of a hot summer's 
day, and tliat produced by enveloping the telescope in 
a bag of ice. 
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made for the instrument constant, a&d 
that the wires are so set that the reading, 
at any distance, is less than the true dis« 
tance by the amount of this constant.*** 

For accurate stadia work it is better to 
take the reading for both distances and 
elevations only at alternate stations and 
then to take them from both back and 
fore sights, in such a manner that the 
Tertical angle is always read from the 
same position on each rod, which should 
he the average height of the telescope at 
the different stations. 

Cases vnll, of course, occur where this 
method *will be impracticable, and then 
the mode of procedure must be left to the 
judgment of the surveyor. If it be desired 
to have the absolute elevation of the 
groimd under the instrument, the height 
of the telescope at each station will have 
to be measured by the rod, and the dif- 
ference between this measurement and 
the average height usel in sighting to 

* This U assuming the measnrements to be made 
h7 the ordinary method, and not by the approximate 
one of the U. S. Engineers. 
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the rod either added or subtracted as the 
case may be. This difference will ordi- 
narily be so small, that in a great deal of 
stadia work no reduction will be neces- 
sary. In sighting to the rod for the 
angle of depression or elevation, the oen* 
ter horizontal wire must always be used. 
By this means an exactly continuous line 
is measured. 

For theoretical exactness it is necessary 
that the stadia wires should be equidis- 
tant from the horizontal center wire, for^ 
if this be not the case, the distance read 
is for an angle of elevation differing from 
the true one by an amount proportional 
to the displacement of the wires. 

With reasonable care a high degree of 
accuracy can be attained in stadia meas- 
urements. The common errors of stadia 
reading are unlike the common errors of 
chaining, the gross ones (such as making 
a difference of a whole himdred feet) be- 
ing, in general, the only important ones, 
and these are readily checked by double 
readings. To facilitate the subtraction 
of the reading of one cross hair from that 
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of another, one should be put upon an 
even foot mark, and in the check reading 
the other one. 

A general measure of the efficiency of 
stadia measurements is furnished in the 
professional papers of the Corps of Engi- 
neers, U. S. A., for 1882, on the Primary 
Triangulation of the Lake Survey, where 
it is stated that, in computing coordin- 
ates of stadia work for 1875, the average 
amount of discrepancy in 141 lines, vary- 
ing between 965 and 6,648 meters (mean 
2,450 meters) when compared with lines 
determined by triangulation or chaining, 
was found to be 1 in 649. The maximum 
limit of error is put at 1 in 300. 

Mr. Benjamin Smith Lyman, who has 
made extensive use of stadia work both 
in this country and Japan, considers it 
decidedly more accurate than ordinary 
good chaining, if the gross errors be 
carefully avoided. 

The results of stadia survey which 
have come to my notice fully support this 
view. During the past summer I had 
occasion to run a continuous stadia line 
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between two points some twelve miles 
apart. It was necessaxy that the positioii 
of these points with reference to each 
other should be determined as closely as 
possible with the means at hand. In 
consequence, the work was checked by 
taking duplicate yemier and stadia read- 
ings, and by taking a series of check 
sights to prominent objects. The lati- 
tudes and departures of this survey were 
afterwards calculated out, and the check 
angles computed and compared with 
those observed. The results are shown 
in the accompanying diagram and table. 
From the results of the tests tabulated 
on pp. 31, 32, Mr. Lyman has kindly fur* 
nished me with the following deductions, 
as an indication of the exactness of 
stadia measurements.* 



* I wish to take this opportunity to acknowledge 
my indebtedness to Mr. Beojamin Smith Lyman, for 
the kindly interest he has taken in the above disoos- 
sion, for his valuable suf^gestions, and for his assist- 
ance in referring me to various sources for inf orma> 
tion. 
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DIAGRAM OF CHECK SIGHTS 
SCALE, 10000'= 1'' 
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Taking the mean, 1.43, as exactly cor* 
rect, we see, then, that the total error of 
the eighteen sights was only .06 feet, or 
fi ^li^a of the whole distance measured, 
4,650 feet, a precision (as it happens) 
seven times greater than I suggested in 
my paper for a telescope magnifying ten 
times. But the mean of the errors 
.000817 (or Yi^), which, so far as the 
insufficient number of eighteen sights can 
show, would be the mean of the errors of 
an infinite number of trials, would cor- 
respond to a probable error for any one 
of the number of trials (that is, in gene- 
ral) of the same kind, of .00069, or y^^. 
This is within half the exactness I claimed 
as possible for the stadia in my paper. 
The difference may be due to several 
causes that I neglected to consider, such 
as a slight leaning of the rod forward o^ 
back, imperfect graduation of the rod, 
imperfect cleanliness or transparency of 
the glasses or of the air, imperfection in 
the shape of the lenses, or in their adjust- 
ments to one another, waviness from the 
varying refraction of the air with the 
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heat from the sun and the ground, inao- 
iirate focosBing, inexact placing of the 
center hair upon the center of the target 
or graduation. This last difficulty might 
be avoided by taking one edge of the up- 
per or lower cross hairs, and by special 
painting of the target for the center hair. 
* * * But at any rate the superior 
exactness of stadia measurement over 
chaining is shown, so far as eighteen trials 
could do it." 

Tables of Horizontal Distances and 

Differences of Level for Stadia 

Measurements. 

The formulae used in the computation 
of the following tables, were those given 
by Mr. Geo. J. Specht in an article on 
Topographical Surveying, published in 
Yan Nostrand*s Engineering Magazine for 
February, 1880. These formulae furnish 
expressions for horizontal distances and 
differences of level for stadia measure- 
ments with the conditions that the stadia 
rod he held vertical^ and the stadia wires 
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be eqmdistant from the centre wire. The 
are as follows : 

D=c cos n-{-ak cos 'n. 

^ T% , ak sin 2n. 
Q=D tan w=c sm ?/ +- — s 

D= Horizontal distance. 

Q= Difference of level. 

c= the distance from the center of the 

instrument to the center of the 

object glass, plus the focal length 

of the object glass. 
^=the focal length of the object glass 

divided bv the distance of the 

stadia wires apart, 
a = the reading on the stadia rod. 
n=the vertical angle. 

<zk is the reading on the rod multiplied 

by ky which is a constant for each 

instrument (generally 100.) In the 

tables the vertical columns consist 

of two series of numbers for each 

degree, which series represent 

respectively the different values 

. , , - ak sin 2)1 . 
of ak cos n and ,r for 
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every two minutes, when a^=100. 
To obtain the horizontal distance 
or the difference of level in any 
case, the corresponding value of 
c cos n or c sin n must further be 
added, and the mean of each Of 
these expressions, for each degree 
with 3 of the most common values 
of c, is given under each column. 

As an example, let it bo required to 
find the horizontal distance and the dif- 
ference of level when, n= +6° 18', a^= 
670, and the instrument constant, c=.76. 
In the column headed 6°, opposite 18' in 
the series for " Hor. Dist.," we find 98.80 
as the expression for ak cos ^n when nk 
=100, therefore, when ak=510. 

ak cos *w=98.80x5.70= 563.16. 

To this must be added c cos ti, which 
in this case is found in the subjoined col- 
umn to be .75. 

563.16 + .76=663.91, which is the re- 
quired horizontal distance. 

In a similar manner, 

10.91x5.70 +.08=62.27 is the re- 
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quired difference of level One multipli- 
cation and one addition must be made in 
each case. 

It is to be noticed, that, with the 
smaller angles, cos n may be neglected in 
the expression c cos n, and c sin n may 
be entirely neglected without appreciable 
error. 

For values of c which differ from those 
given, an approximate correction propor- 
tional to the amount of difference may 
very easily be made in these two expres* 
sions. 
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NOTE BYTHE EDITOR OF VAN NOSTRANDS 
ENGINEERING MAGAZINE. 



Aftbb the foregoing essay had been published 
in the Magazine, a criticism of the formula, 
and of Mr. Winslow's estimate of its applica- 
bility, was contributed by R. S. Woodward, 
C. E., of the Naval Observatory, "Washington. 
The article appeared in the June No. of th€ 
Magazine, vol. 30, page 473, 

The object of the writer is to show : " 1st, 
that although the formula for conjugate dis* 
tances, as commonly understood, is inaccurate, 
yet, if properly interpreted, this formula is not 
only approximate but exact; and, moreover, 
applies equally without modification to any 
combination of lenses as well as to a single bi- 
convex lens ; 2d, that the ordinary formula for 
the stadia instrument, if properly understood, 
is exact whatever may be the nmnber, kind, or 
disposition of the lenses in the telescope so 
long as they are properly centered." 

Although the criticism is of importance in its 
bearing upon the optical principles involved, it 
^in no wise affects the value of the reduction 
tables given above, nor the general principles 
governing stadia practice as set forth by Mr. 
Winslow. 
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VALUABLE 

SCIENTIFIC BOOKS 

PUBUSHED BY 

D. VAN NOSTRAND COMPANY, 

t% MURBAY STREST AND 27 WARKEM STRSBT« N. Y. 



ADAMS (J. W.) Sewers and Drains for Populous Districts. 
Embracine Rules and Formulas tor the dimensions and 
construction oi worlcs of Sanitary Engineers. Second edi- 
tion. 8vo,ctoth |a SO 

ALEXANDER J. H.) Universal Dictionary of Weiglits and 
Measures, Ancient and Modem, reduced to tlie standards 
of tlie United States of America. New edition, enlarged. 
8vo,cloth 3 SO 

ATWOOD(GE0.) Practical Btow-Pipe Assaying. lamo, cloth, 
illustrated a 00 

AUCHINCLOSS (W. S.) Unlc and Valve Motions Simplified. 
Illustrated with 37 wood-cuts and 21 lithographic plates, 
together with a Travel Scale and numerous useful tables. 
8vo,cIoth 300 

AXON (W. E. A.) The Mechanic's Friend : a Collection of Re- 
ceipts and Practical Suggestions Relating to Aquaria- 
Bronzing— Cements— Drawmg— Dyes— Electricity— Gilding 
— Glass-working — Glues — Horology — Lacquers— Locomo- 
tives — Magnetism— Metal-working - ModelUng^ PhotMTa- 
phy—Pyrotechny-Railways— Solders— Steam^ngine—Tel» 
egra phy — Taxidermy-Var n ishes— Waterproofing, and Mis- 
cellaneous Tools, Instruments, Machines, and Processes 
connected with tne Chemical and Mechanic Arts. With nu- 
merous diagrams and wood-cuts. Fancy cloth . . I 50 

BACON (F. W ) A Treatise on the Richards Steam-Enaine 
Indicator^ with directions for its use. liy Charles T. rsr* 
ter. Revised, with notes and large additions as developed 
by American practice; with an appendix containing usefiil 
formulsB and rules for engineers. Illustrated. Third edi- 
tion. i3mo,cloth 100 



2 D. VAN NOSTBAND*S PUBLICATIONS. 

BARBA (J.) The Use of Steel for Constructive Purposes: 
Method of Working, Applying, and Testing Plates and 
Brass. With a Preiace by A. L. HoUey, C.E. lamo, cIoth.$i 50 

BARNES (Lt. Com. J. S.. U. S. N.) Submarine Warlare, ofien- 
sive and defensive, including a discussioa of the offensive 
Torpedo System, its effects upon Iron-Clad Ship Systems 
and influence upon future naval wars. With twenty litho- 
graphic plates and many wood-cuts. 8vo, cloth 5 00 

BEILSTEIN (F.) An Introduction to Qualitative Chemical 

Analysis, translated by I. J . Osbun. xamo, cloth 75 

BENET (Gen. S. V.» U. S. A.; Electro-Ballistic Machines, and 
the Schuiu Chronoscope. Illustrated. Second edition, 4to, 
doth 300 

BLAKE (W. P.) Report upon the Precious Metals t Being Sta- 
tistical Notices of the principal Gold and Silver pm^cing 
regions of the World, represented at the Paris Universal 
Exposition. 8vo, cloth a oo 

Ceramic Art. A Report on Pottery, Porcelain, Tilea^ 

Terra Cotta, and Brick. 8vo, cloth a 00 

BOW (R. H.) A Treatise on Bracing, with its application to 
Bridges and other Structures of Wood or Iron. 156 illustra* 
tions. 8vo, cloth i^ 

BOWS LR (Prof. E. A.) An Elementary Treatise on Anabcie 
Geometry, embracing Plane Geometry, and an Introano- 
tion to Geometry of three Dimen:>ions. i2mo, cloth • i 7$ 

■ An Elementary Treatise on the Differrntial and Integral 
Calculus. With numerous rxamples. lamo, cloth a'as 

BURGH (N P.) Modern Marine En^neering, applied to Pad- 
die and Screw Propulsion. Consisting of 36 colored plates, 
359 practical wood-cut illustrations, and 403 pages of de- 
scriptive matter, the whole beine an exposition of the pre- 
sent practice of Tames Watt & Co., J. & G. Rennie, R. Na- 
pier & Sons, and other celebrated nrms. Thick 4to vol.^ 

cloth 1000 

Halt morocco 15 OO 

BT^ K r (W. A.) Key to the Solar Compass, and Surveyor's Com- 
banion * comprising all the ruUs necessary for use in the 
neld ; also description of the Linear Surveys and Public 
Lane *^*'riem of the United States, Notes on the Karome- 
ter, ^estions for an outfit for a survey of four months^ 
etc. second edition. Pocket-book form, tuck .....250 

BUTLER (Capt. J. S., U. S. A.) Projectiles and Rifled Cannon. 
A Critical Discussion of the Principal Systems of Rifling 
and Projectiles, with Practical Suggestions for their Im- 
provement, as embraced in a Report to the Chief of Ord* 
nance.U.S. A. 36plates. 4to,cloth 6 00 
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CAI N (Prof. WM .) A Practical Treatise on Voussoir and SoUd 

and Braced Arches. i6mo, cloth extra (l 75 

CALDWELL (Prof. GEO. C.) and BRENEMAN (Prof. A. A.) 
Manual of Introductory Chemical Practice, for the use or 
Students in Colleges and Normal and High Schools. Third 
edition, revised and corrected. 8vo, cloth, illustr^led. New 
and enlarged edition i 50 

CAMPI N (FRANCIS). On the Construction of Iron Roofs. 8voy 
with plates, cloth a 00 

CHAUVENET (Prof. W.) New method of correcting Lunar 
Distances, and improved method of finding the error and . 
rate of a chronometer, by equal altitudes, ovo, cloth 2 00 

CHURCH (JOHN A.) Notes of a MeUlIuigica! Journey in 
Europe. 8vo, cloth a 00 

CLARK (D. KINNEAR, C.E.) Fuel: Its Combustion and 
Econom3r, consisting of Abridgments of Treatise on the 
Combustion of Coal and the Prevention of Smoke, by C. 
W. Williams ; and the Economy of Fuel, by T. S. Pri- 
deaux. With extensive additions on recent practice in the 
Combustion and Economy of Fuel: Coal, Coke, Wood, 
Peat, Petroleum, etc. i2mo, cloth X 50 

■' A Manual of Rules, Tables, and Data for Mechanical 
Encrmeers. Based on the most recent investigations. Illus- 
trated with numerous diagrams. i,o|3 pages. 8vo^ cloth... 7 50 
Half morocco 1000 

CLARK (Lt. LEWIS, U. S. N ) Theoretical Navigation and 
Nautical Astronomy. Illustrated with 41 wood-cuts. 8vo, 
cloth X so 

CLARKE (T. C.) Description of the Iron Railway Bridge ov«r 
the Mississippi River at Quincy, Illinois. lUustratra with 
ax lithographed plans. 4to, cloth 7 50 

CLEVENGER rS. R.) A Treatise on the Method of Govern- 
ment Surve\ing, as prescribed by the U S. Congress and 
Commissioner of the General Land Office, with complete 
Mathematical, Astronomical, and Practical Instructions for 
the use of the United States surveyors in the field. x6mo, 
morocco 2 50 

COFFIN (Prof J. H. C.) Navigation and Nautical Astrono- 
my. Prepared for the u«te of the U. S. Naval Academy. 
Sixth edition. 52 wood-cut illustrations. i2mo, doth 3 50 

COLBURN (ZERAH). The Gas-Works of London. lamo^ 
boards • • 60 

COLLINS JAS. £.) The Private Book of Usehil Alloys and 
Memoranda for Goldsmiths, Jewellers, etc. i8mo, cloth.. . 50 



4 D. VAN NOSTRAND*S PUBLICATIONS. 

CORNWALL (Prof. H. 6.) Manual of Blow-Pipe Analysis. 
Qualitative and Quantitative, with a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustra- 
tions. N. Y., 1882 $250 

CRAIG (B. F.) Weights and Measures. An account of the 
Decimal System, with Tables of Conversion for Commer- 
cial and Scientific Uses. Square same, limp cloth 50 

CRAIG (Prof. THOS.) Elements of the Mathematical Theory 
of Fluid Motion. i6mo, cloth i 2$ 

DAVIS (C. B.) and RAE (F. 6.) Hand-Book of Electrical Dia- 
grams and Connections. Illustrated with 32 full-page illus> 
trations. Second edition. Oblong Svo, cloth extra a oo 

DIED RICH (TOHN). TheTheoryof Strains: a Compendium 
lor the Calculation and Construction of Bridges, Roofs, and 
Cranes. Illustrated by numerous plates and diagrams. 
8vo, cloth 500 

DIXON (D. B.) The Machinist's and Steam-F.neineer*s Prac- 
tical Calculator. A Compilation of useful Rules, and Prob- 
lems Arithmetically Solved, together with General Informa- 
tion applicable to Shop-Tools, Mill-Gearing, Pulleys and 
Shafts, Steam-Boilers and Engines. Embracing Valuable 
Tables, and Instruction in Screw-cutting, Valve and Link 
Motion, etc. i6mo, full morocco, pocket form . ..(In press) 

DODD (GEO.) Dictionary of Manufactures, Mining, Ma- 
chinery, and the Industrial Arts . i2mo, cloth z 59 

DOUGLASS (Prof 9. H.) and PRE5C0TT (Prof A. B.) Qual- 
itative Chemical Analysis. A Guide in the Practical Study 
of Chemistry, and in the Work of Analysis. Third edition. 
8vo, cloth 350 

DUBOIS (A. J.) The New Method of Graphical Statics. With 
60 illustrations. 8vo, cloth i 90 

EASSIE (P. B.) Wood and its Uses. A Hand-Book for theuse 
oi Contractors, Kuilders, Architeccs, Engineers, and Tim- 
ber Merchants. Upwards of 2SO illustrations. 8vo, cloth, x 50 

EDDY (Prof. H. T.) Researches in Graphical Statics, embrac- 
ing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal 
Stress in Graphical Statics. 8vo, cloth I SO 

ELIOT (Prof. C. W.) and STOKER (Prof. F. H.) A Compen- 
dious Manual of Qualitative Chemical Analysis. Revised 
with the co-operation of the authors. By Prof. William R. 
Nichols. Illustrated. lamo, cloth i 50 

ELLIOT (Maj. GEO. H., U. S. EJ European Light-House 
Systems . Being a Report of a Tour of inspection made in 
1873. 51 engravmgs and 2X wood-cuts. 8vu, cloth 5 00 
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ENGINEERING ^s-ACTS AND FIGURES. An Annual 
Register of Progress in Mechanical Engineering and Con- 
struction for tne years 1863-611-65-66-67-68. Fully illus- 
trated. 6 vols. iSmo, cloth (each volume sold separately), 
per vol $2 50 

FANNING J. T.) A Practical Treatise of Water-Supply En- 

S'neering. Relating to the Hydrology. ll^droJynamics, and 
racticaT Construction ot Water-Works in North America. 
Third edition. With numerous tables and x8o illustra- 
tions. 650 pages. 8vOy cloth 500 

FISKE (BRADLEY A.. U. S. N.) Electricity in Theory and 

Practice. 8vo, cloth .«...• 2 ^ 

FOSTER (Gen. J. G., U. S. A.) Submarine Blasting in Boston 
Harbor, Massachusetts. Removal oi Tower and Corwin 
Rocks. Illustrated with seven plates. 4to, cloth 3 $0 

FOYE (Prof. J. C.) Chemical Problems. With brief State- 
ments of the Principles involved. Second edition, revised 
and enlarged. i6mo, boards 50 

FRANCIS (JAS. B., CE.) Lowell Hydraulic Experiments: 
Being a selection from Experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in Open Canals of Uni- 
ibrm Rectangular Section, and through submerged Orifices 
and diverging Tubes. Made at Lowell, Massachusetts. 
Fourth edition, revised and enlarged, with many new ex* 
penments, and illustrated with twenty-three copperplate 
engravings. 4to, cloth 1500 

FREE-HAND DRAWING. A Guide to Ornamental Fijzure 
and Landscape Drawing. By an Art Student. iSmo^ 
boards 50 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic Ce- 
ments, and Mortars. Papers on Practical Engmeering, U. 
S. Engineer Department, No. 9^ containing Reports^ of 
numerous Experiments conducted m New York City during 
the years i8^8 to i86x, inclusive. With numerous illustra* 
tions. 8vo, cloth 4 OO 

■ Practical Treatise on the Construction of Roads. Streets, 
and Pavements. With 70 illustrations. i2mo, cloth a 00 

Report on Strength of the Building Stones in the United 

States, etc. 8vo, illustrated, cloth Z 50 



Coignet Beton and other Artificial Stone. 9 plates, views. 



etc. &ro, cloth a 50 

GOODEVE (T. M.) A Text-Book on the Steam-Engine. 143 
illustrations. lamo, cloth 3 00 

GORDON (J. £. H.) Four Lectures on Staticlnduction. umo^ 
doth 80 
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fiom End Areas. Illustrated by Examples, and accom- 
panied by Plain Rules for Practical Uses. Illustrated. 8vo, 
cloth $z so 

INDUCTION-COILS. How Made and How Used. 63 iUus- 

trations. i6mo. boards 50 

ISHERWOOD (B. F.) Engineering Precedents for Steam Ma- 
chinery. Arranged in the most practical and useful manner 
for Engineers. With illustrations. Two volumes in one. 
8vo, clolh 250 

JANNETTAZ (EDWARD). A Guide to the Determination of 
Rocks: being an Introduction to Lithology. Translated 
from the French by G. W. Plympton, Professor of Physical 
Science at Brooklyn Polytechnic Institute. i2mo, cloth.... i ^ 

JEFFERS (Capt. W. N.. U. S. N.) Nautical Surveying. Illus- 
trated with 9 copperplates and 31 wood-cut illustrations. 
8vo, cloth 500 

JONES (H. CHAPMAN). Text-Book of Experimental Or^ 

ganic-Chemistry for Students. x8mo, cloth X 00 

JOYNSON (F. H.) The Metals used in Construction: Iron, 

Steel, Bessemer Metal, etc., etc. Illustrated. lamo, cloth. 75 

Designing and Construction of Machine Gearing. Illus- 
trated 8vo, cloth 200 

KANSAS CITY BRIDGE (THE). With an account of the 
Regimen of the Missouri River, and a descnpcion of the 
methods used for Founding in that River. By O. Chanute, 
Chief-Engineer, and George Morrison, Assistant-Engineer. 
Illustrated with five lithographic views and twelve plates of 
plans. 4to, cloth 6 00 

KING (W, H.) Lessons and Practical Note^ on Steam, the 
Steam-Engine, Propellers, etc., etc , for young Marine En- 
gineers, Students, and others. Revised by Cnief-Engineer 
T. W. King, U. S. Na\'y. Nineteenth edition, enlarged. 
8vo, cloth a 00 

KIRKWOOD (JAS. P.) Report on the Filtration of River 
Waters for the supply of Cities, as practised in Europe, 
made to the Board of Water Commissioners of the City of 
St. Louis. Illustrated by 30 double-plate engravings. 4to, 
cloth IS 00 

LARRABEE (C. S.) Cipher and Secret Letter and Telegra- 
phic Code, with Hogg's Improvements. The most perfect 
secret code ever invented or discovered. Impossible to read 
without the key. i8mo, cloth X 00 

LOCK (C. G.), WIGNER (G W.), and HARLAND (R. H.) 
Sugar Growing and Refining. Treatise on the Culture of 
Sugar- Yielding Plants, and tne Manufacture and Refining of 
Cane, Beet, and other sugars. 8vo, cloth, illustrated la 00 
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LOCKWOOD (THOS. D.) Electricity. Magnetism, and Elec- 
tro-Telegraphy. A Practical Guide tor Students, Operators, 
and Inspectors. 8vo, cloth •••-$2^0 

LORING (A. E.) A Hand-Book on the Electro-Magnetic Tele- 
graph. Paper boards eo 

Cloth 75 

Morocco I 00 

MacCORD (Prof. C. W.) A Practical Treatise on the SIid» 
Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide- Valve, and explaining the prac* 
tical processes of laying out the movements, adapting th» 
valve for its various duties in the steam-engine. Second edi- 
tion Illustrated. 4to, cloth 250 

Mcculloch (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth 350 

MERRILL (Col. WM. E , U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in Trusses, 
with a careful comparison of the most prominent Trusses, in 
rdTerence to economy in combination, etc., etc. Illustrated. 
4to, doth 500 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 300 

MICHIE (Prof. P. S.) Elements ot Wave Motion relating to 
Sound and Light. Text-Book for the U.S. MiliUry Acade* 
my. 8vo, cloth, illustrated.^ $00 

MINIFIEfWM.) Mechanical Drawing. A Text-Book of Geo- 
metrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their descrijption 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machinery; an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated writh over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix, on the Theory and Application 

of Colors. 8vo, cloth 4 00 

" It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use ci^ Me- 
chanics and Schools. No younc[ Mechanic, such as a MachiDist» 
Engineer, Cabinet-maker. Millwright, or Carpenter, should be mth' 
outn"—S£unti^c American. 

- Geometrical Dravring. Abrideed from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. lamo, cloth a 00 
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MODERN METEOROLOGY. A Series of Six Lectures, de- 
iivered under the auspices of the Meteorological Society 
IniSTS. Illustrated. i2ino,cloth $x SP 

ItORRIS (E.) Easy Rules for the Meaiurement of Earth- 
works, by Means of the Prismoidal Formula. 78 illustra- 
tions. 8vo,cIoth I SB 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Blow>pipe 
Analysis, Mineralogy. Assaying. Pharmaceutical Prepara- 
tions, Human Secretions, Specinc Gravities. Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
8vo,cloth 400 

N AQUET (A.) I egal Chemistry . A Guide to the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis of Ashes, 
ana ezaminatkm of Hair, Coins. Arms, and Stains, as ap* 

?lied to Chemical Jurisprudence, for the use of Chemists, 
hysicians. Lawyers, Pharmacists, and Experts. Trenslat* 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By J. P. BattershalU 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D.t 
LL.D. i2mo, cl'ith a 00 

NOBLE (W.H.) Ustful Tables. Fbcket fonn, doth 9 

NUGENT (E.) Treatise on Optics : or. Light and Si^ht, theo- 
retically and practically treated, with the application to 
Fine Art nd Industrial Pursuits. With 103 illustrations. 
i2mo,clo*h X 9> 

FEIRCE (B.) System of Analytic Mechanics. 4to, cloth xo 00 

IfLANE \BLE (THE). Its Uses in TopoCTaphical Survey- 
ing. From the Papers of the U. S. Coast Survey. Illustrat- 
ed, cloth 200 

** This work gives a description of the Plane Table employed at 
the U.S. Coast Survey office, and the manner of using it.*' 

VLATTNER. Manual of Qualitative and Quantitative An* 
alysis with the Blow-Pipe. From the last German edition, 
revised and enlarged. By Prof. Th. Richter. of the Royal 
Saxon Minine Academy. Translated by Prof H. B, Corn- 
wall, assisted Dv John H. Caswell. Illustrated with 87 wood- 
cuts and one iithoeraphic plate. Fourth edition, revised, 
560 pages. 8vo, cloth $00 

WLYMPTON (Prof. GEO. W.) The Blow-Pioe. A Guide to its 
use in the DetTmination of Salts and Minerals. Compiled 
from various sources. lamo, cloth x 59 

——The Aneroid Barometer: Its Constructio« f»nd Use. 

Compiled from several sources, xfimo^ boards, illustrated, 50 
Morocco *.* X 00 
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PLYMPTON (Prof. GEO. W.) The Star-Findcr, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-board| and in accordance with Proctor's Star Atlas. . .$x oo 

POCKET LOGARITHMS, to Four Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Sinele Minutes. To which is added a Table of 
Natural Sines, Tangents, and Co-Tangents. x6nio, boards, 50 
Morocco ■ I 00 

POOK (S. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Includmg a chap- 
ter on Laying-on on the Mould-Loft Floor, x vol. Svo, with 
illustrations, cloth 5 oo 

POPE (F. L.) Modem Practice of the Electric Telegraph. A 
Hand-Book for Electricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. 8vo, cloth, a 00 

PRESCOTT (Prof. A. 6 ] Outlines of Proximate Oiganic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Oiganic 
Compounds, xzmo, cloth 1 7$ 

■ I -I Chemical Examination of Alcoholic Liquors. A Manual 

of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Quabtative and Quantita- 
tive Determinations. x2mo, cloth x 50 

■■ First Book in Qualitative Chemistry. Second edition. 
X2mo,cloth I jp 

PYNCHON (Prof. T. R.) Introduction to Chemical Phvsics, 
designed for the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 269 illustrations on wood. Crown Svo, cloth 300 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by Examples. Translated by J. Towler, 
M.D. Svo, cloth a 2S 

RANDALL (P. M.) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated. lamo, cloth. . . a 00 

RANKINErW. J. M.) Applied Mechanics, comprising Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Ctovm 8vo^ 
cloth. Tenth edition. London 500 

» A Manual of the Steam-Engine and other Prime Movers^ 
writh numerous tables and illustrations. Crown Svo, cloth. 
Tenth edition. London, 1883 500 

■ A Selection fi'om the Miscellaneous Scientific Papers oL 
with Memoir by P. G. Tait, and edited by W.J. M01ar,C.E. 
Svo, cloth. London, 18S0. XOOO 
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RANKINE (W. J. M.) A Manual of Machinery and Mill-woric 

Fourth edition. Crown 8vo. London, 1881 iS <x> 

Civil Engineering, comprising Engineering Surveys, 

Eanhwork, Toundattons, Masonry, Carpentry, Metal- 
works, Roads, Railways, Canals, Rivers, Water-works, 
Harbors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Bamber, C.E. 8vo. 
London, 1883..,. 650 

— — Useful Rules and Tables for Architects, Builders, Car* 
penters, Coachbuilders, Eneineers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 1883 4 00 

and BAMBER (E. F.) A Mechanical Text-Book ^ or, 
Introduction to the Study of Mechanics and Engineenng. 
8vo, cl.th. London, 1875 3^ 

RICE JProf J. M ) and JOHNSON (Prof. W. W.) On a New 
Method of Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. lamo, paper SO 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov- 
ernment Survey, with a General view of the Geology of the 
United States, rlssiyi on the Coal Formation and its Fos* 
sils. and a description of the Coal Fields of North America 
^ ana Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 30 00 

ROEBLING (T. A) Long and Short Span Railway Bridges. 
Illustrated with large copperplate engravings of plans and 
views. Imperial folto, cloth 2S 00 

ROSE (JOSHUA, M.E.) The Pattern-Maker's Assistant, em- 
bracing Lathe Work. Branch Work Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 250 

SABINE (ROBERT). History and Progress of the Electric Tel- 
egraph, with descriptions of some oT the apparatus. Second 
edition, with additions, i2mo, cloth X a$ 

SAE LTZE R ( A LEX ) Treatise on Acoustics in connection with 

Ventilation i2mo, cloth X 00 

SCHUMANN (F ) A Manual of Heating and Ventilation in 
its Practical Application fortheuse of Engineers and Archi- 
tects, embracing a series of 'Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. i2mo. Illustrated. Full 
roan ... x 50 

Formulas and Tables for Architects and Engineers in 

calculating the strains and capacity of structures in Iron 
and Wood. t2mo, morocco, tucks a 50 
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SAWYER (W. E.) Electric-Lighting by Incandescence, and 
its Application to Interior Illumination. A Practical 
Treatise. With 96 illustrations. Third edition. 8vo, cloth^50 

SCRIRNER (J. M.) Engineers* and Mechanics' Companion, 
comprising United States Weights and Measures, Mensura- 
tion of Superfices and Solids, Tables of Squares and Cubes, 
Square and Cube Kootx, Circumference and Areas of Cir- 
cles, the Mechanical Powers, Centres of Gravity, Gravita- 
tion of Bodies. Pendulums, Specific Gravitv ot Bodies, 
Strength, Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, liydraultcs, Statics, Centres of Percussion 
and Gyration, friction Heat, Tables of the Weight of 
Metals, Scantling, etc., Steam and the S'eam-Engine. 
Nineteenth edition, revised, i6mo, full morocco i 50 

■ Engineers', Contractors*, and Surveyors' Pocket Table- 
Book. Comprising Logarithms of Numbers, L(»arithmic 
Sines and Faneents, Natural Sines and Natural Tangents, 
the Traverse Table, and a full and complete set of Excava- 
tion and Embankment Tables, together with numerous 
other valuable tables for Engmeers, etc. Eleventh edition, 
revised, i6mo, full morocco I $0 

SHELLEN (Dr. H.) Dynamo- Electric Machines. Translated, 
with much new matter on American practice, and many il- 
lustrations which now appear for the first time in print. 
8vo, cloth. New York. (In press) 

SHOCK (Chief-Eng. W. H.) Steam-Boilers : thfir Design, 
Construction, and Management. 450 pages text. Illustrated 
with ijw wood-cuts and iiS full-page plates (several double). 
Quarto. IIIu';trated. Ilalf morocco 15 00 

SHUNK (W. F.) The Field Engineer. A handy book of prac- 
tice in the Survey, Location, and Track-work of Railroads, 
containing a large collection of Rules and Tables, original 
and selected, applicable to both the Standard and Narrow 
Gauge, and prepared with special reference to the wants of 
the young Engineer. Third edition, xamn, morocco, 
tucks 250 

SHIELDS (J. E.) Notes on Engineering Construction. Em- 
bracing Discussions of the Principles involved, and De^crip- * 
tions of the Material employed in Tunnelling, Bridging, 
Canal and Koad Building, etc., etc. i3mo, cloth i 50 

SHREVE (S. H ) A Treatise on the Strength of Bridges and 
Roofs. Comprising the determination of Algebraic formu- 
las for strains in Horizontal, Inclined or Rafter, Tri'ingular. 
Bowstring, Lenticular, and other Trusses, from fixed and 
moving loads, with practical applications and examples, for 
the use of Students and Engineers. 87 wood-cut illustra- 
tions. Third edition. 8 vo, cloth « 3 5P 
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SIMMS (F. W.) A Treatise on the Principles and Practice of 
Levelling; snowing its application to purposes of Railway 
Engineering and the Construction of Roads, etc. Revised 
and corrected, with the addition of Mr. Laws's Practical 
Examples for setting out Railway Curves. Illustrated. 8vO| 
cloth $a so 

STILLMAN (PAUL). Steam-Engine Indicator, and th'e Im- 
proved Manometer Steam and Vacuum Gauges — their Utility 
and Application. New edition. lamo, flexible cloth i oo 

STONEY (B. D.) The Theory of Strains in Girders and similar 
structures, with observations on the application of Theory 
to Practice, and Tables of Strength and other properties of 
Materials. New and revised edition, enlarged. Royal 8vo, 
664 pages. Complete in one volume. 8vo, cloth 12 50 

STUART (CHAS. B., U. S. N.I The Naval Dry Docks of the 
United States. Illustrated with 24 engravings on steel. 
Fourth edition, cloth 6 00 

The Civil and Military Engineers of America. With 9 

finely executed portraits of eminent engineers, and illus- 
trated by engravings of some of the most important works 
constructed m America. 8vo, cloth S 00 

STUART (B.) How to Become a Successful Engineer. Being 
Hints to Youths intending to adopt the Profession. Sixth 
edition. i2mo, boards 50 

SWEET (S. H.) Special Report on Coal, showing its Distri- 
bution, Classification, and Cost delivered over different 
routes to various points in the State of New York and the 
principal cities on the Atlantic Coast. With maps. 8vo, 
cloth 3 00 

TEXT-BOOK (A) ON SURVEYING. Projections, and Port- 
able Instruments, for the Use of the Cadet Midshipmen at 
the U. S. Naval Academy. Nine lithographed i^tes and 
several wood-cuts. 8vo, cloth 3 00 

TONER (J. M.) Dictionary of Elevations and Climatic Reg- 
ister of the United States. Cuntainine, in addition to Ele- 
vations, the Latitude, Mean Annual Temperature, and the 
total Annual Rain-tall of many localities ; with a brief in- 
troduction on the Orographic and Physical Peculiarities of 
North America. 8vO| cloth 3 75 

TUCKER (Dr. J. H.) A Manual of Sugar Analvsis, includ- 
ing the Applications in General oi Analytical Methods to 
the Sugar Industry. With an Introduction on the Chemis- 
try of Cane Sugar, Dextrose, Levulose, and Milk Sugar. 
8vo, cloth, illustrated 3 50 

TUNNER (P.) A Treatise on Roll-Turning for the Manufac- 
ture of Iron. Translated and adapted oy John B. Pearse, 
of the Pennsylvania Steel- Works, with numerous engrav- 
ingSi wood<uts, and folio atlas of plates 10 00 
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VAN WAGENEN (T. F.) Manual of Hydraulic Mining, for 
the use of the Practical Miner. lamo, cloth §i oo 

WALKER ( W. H.) Screw Propukion. Notes on Screw Pro- 
pulsion : Its Rise and History. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Examination 
of Mflk and its Derivatives, Cream, Butter, and Cheese, 
lamo, cloth v 100 

WATT (ALEX.) Electro-Metallurfv, Practically Treated. 
Sixth edition, with considerable aaditions lamo, cloth i 00 

WEISBACH (JUUUS). AManualof Theoretical Mechanics. 
Translated from the fourth auemented and improved Ger- 
man edition, with an introduction to the Calculus, by Eck- 
ley B. Coxe. A.M., Minine Lneineer. 1,100 pages, and 902 
wood-cut illustraitons. 8vo, cloth 10 

WEYKAUCH (J.J.) Strength and Calculations of Dimen- 
sions of Iron and Steel Construction, with reference to 
the Latest Experiments. i3mo, cloth, plates i 00 

WILLIAMSON (R. S ) On the use of the Barometer on Sur- 
veys and Rcconnoissances. Pait I. Meteorology in its Con- 
nection with Hypsometry. Part II Barometric Hypsom- 
etry. With Illustrative Tables and Engravings. 4to cloth is 00 

— Practical Tables in Meteorology and Hypsometry, in con- 
nection with the use of the Barometer. 410, cloth a 50 
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THE UNIVEBSITY SEBIES. 

No. X. ON THE PHYSICAL BASIS OF LIFE. By Prof. T. H. 
Huxley, LL.D., F.R.S. With an introduction by a Professor 
in Yale College. i2mo, pp. 36. Paper cover 35 

No. a. THE CORRELATION OF VITAL AND PHYSICAL 
FORCES. By Prof. George F. Barker, M.D., ofYale Col- 
lege. 36pp. Papercovers 3$ 

No. 3. AS REGARDS PROTOPLASM, in relation to Prof Hux- 
ley's ''Physical Basis of Life." By J. Hutchinson Stirling, 
F.R.C.S. 72 pp as 

No. 4. ON THE HYPOTHESIS OF EVOLUTION, Physical 
and Metaphysical. By Prof. Edward D. Cope, xamo, 72 pp. 
Paper covers 25 

No. 5. SCIENTIFIC ADDRESSES— x. On the Methods and 
Tendencies of Physical Investigation. 2. On Haze and 
Dust. 3 On the Scientific Use of the Imagination. By 

Prof. John Ty ndall, F. R . S. lamo, 74 pp. Paper covers 35 

Flex.cloth SO 

No. 6. NATURAL SELECTION A.S APPLIED TO MAN. By 
Alfred Russell Wallace. This pamphlet treats (i) of the De- 
velopment of Human Races under the Law of Selection ; 
(2) the Limits of Natural Selection as applied to Man. 54 pp. 25 

No. 7. SPECTRUM AN.A LYSIS. Three lectures by Profs. 
Roscoe, Huggins, and Lockyer. Finely illustrated. 88 pp. 
Paper covers 25 

No. 8. THE SUN. A sketch of the present state of scientific 
opinion as regards this body. By Prof C. A. Young, Ph.D., 
of Dartmouth College. 58 pp. Papercovers 25 

No. 0. THE EARTH A GREAT MAGNET. By A. M. Mayer, 

Ph . D., of Stevens Institute. 72 pp. Paper covers 25 

Flexible cloth 5© 

No. 10. MYSTERIES OF THE VOICE AND EAR. By Prof. 
O. N. Rood, Columbia College, New York. Beautifully il- 
lustrated. 38 pp. Papercovers 25 

Ortogether, 2vols., cloth $a 50 
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VAN NOSTBAND'S SCIENCE SERIES. 

(x8mo, green boards. Amply illustrated where the subject 

demands.) 

No. 1. CHIMNEYS FOR ."'IRNACES, FIRE-PLACES, AND 
STEAM-BOILERS. By .*. Armstrong, C.E. Second edi- 
tion, enlarged SO 

No. a. STEAM-BOILER EXPLOSiONS. By Zerah Colbum.. 50 

No. 3 PRACTICAL DESIGNING OF RETAINING WALLS. 
By Arthur Jacob, A.B 50 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By 
Charles Bender, CE 50 

No. 5. VENTILATION OF BUILDINGS. By W. F. Butler. . . so 

No. 6 ON THE DESIGNING AND CONSTRUCTION OF 
STORAGE RESERVOIRS. By Arthur Jacob, A.B 50 

No. 7. SURCHARGED AND DIFFERENT FORMS OF RE- 
TAINING WALLS. By James S.Tate, C.E 50 

No. 8. A TREATISE ON THE COMPOUND ENGINE. Sy 

iohn Tumbuli, Jr. Secoi.d edition, revised by Prof. S. W. 
Lobinson 50 

No. Q. FUEL. By C. William Siemens. D.C.L.: to which i<: ap- 
pended the VALUE OF ARTIFICIAL FUEL aS COM- 
PARED WI TH CO AL. By John Wormald, C.E so 

No. 10. COMPOUND ENGINES. Translated from the French 
of A. Mallet 50 

No. II . THEORY OF ARCHES. By Prof. W. Allan 50 

No. la. A THEORY OF VOUSSOIR ARCHES. By Prof. W. 
E.Cain 50 

No. 13 GASES MET WITH IN COAL-MINES. By J. J. At- 
kinson SO 

No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson ... 50 

No. IS. SKEW ARCHES. By Prof. E. VV. Hyde, C.E. Illus- 
trated 50 

No. x6. A GRAPHIC METHOD FOR SOLVING CERTAIN 
ALGEBRAIC EQUATIONS. By Prof. George L. Vose. . . 50 

No. 17. WATER AND WATER SUPPLY. By Pro*. W. H. 
Corfield, of the University College, London $0 

No. 18. SEWERAGE AND SEWAGE UTILIZATION. By 
Prof. W. H. Corfield, M.A., of the University College, Lon- 
don SO 

No. 10. STRENGTH OF BEAMS UNDER TRANSVERSE 
LOADS. By Prof. W. Allan, author of " Theory of Arches " 50 
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No. 20 BRIDGE AND TUNNEL CENTRES. By John B. Mc- 
Master, C.E 50 

No. ai. SAFETY VALVES. By Richard H. Bud, C.E 50 

No. 2a. HIGH MASONRY DAMS. By John B. McMaster, 
C.E 50 

No. 23. THE FATIGUE OF METALS UNDER REPEATED 
STRAINS, with Various Tables of Results and Experiments. 
From the German of Prof. Ludwig Spangenburgh, with a 
Preface by S. H. Shreve, A.M 50 

No. 24. A PRACTICAL TREAT ISE ON THE TEETH OF 
WHEELS. Bv Prof. S. W. Robmson SO 

No. « ON THE THEORY AND CALCULATION OF CON- 
TINUOUS BRIDGES. By Mansfield Merriman, Ph.D 50 

No. 26. PRACTICAL TREATISE ON THE PROPERTIES 
OF CONTINUOUS BRIDGES. By Charles Bender, C.E. 50 

No 27. ON BOILER INCRUSTATION AND CORROSION. 
ByF. J. Rowan 50 

No 28. TRANSMISSION OF POWER BY WIRE ROPES. 
By Albert W. Siahl, U. S. N 50 

No. 20. STEAM INJECTORS. Translated from the French of 
M, Leon Pochet 5© 

No. 30. TERRESTRIAL MAGNETISM AND THE MAG- 
NETISM OF IRON VESSELS. By Prof. Fairman Ro- 
gers 50 

No. 31. THE SANITARY CONDITION OF DWELLING- 
HOUSES IN TOWN AND COUNTRY. By George E. 
Waring, Jr 50 

No. 32. CABLE-MAKING OF SUSPENSION BRIDGES. By 
W. Hildenbrand, C.E ,50 

No. 33 MECHANICS OF VENTILATION. By George W. 
Rafter, C E 50 

No. 34. FOUNDATIONS By lYof. Jules Gaudard, C.E. Trans- 
lated from the French 50 

No. 35. THE ANEROID BAROMETER : ITS CONSTRUC- 
TION AND USE. Compiled by George W. Plympton. 
Second edition ^ 

No. 36. MATTER AND MOTION. By J. Clerk Maxwell, M. A. 50 

No. 37. GEOGRAPHICAL SURVEYING : Its Uses, Meth- 
ods, and Results. By Frank De Yeaux Carpenter, C E. 50 

No. 38. MAXIMUM STRESSES IN FRAMED BRIDGES. 
By Prof. Wm. Cain, A.M., C.E 50 

No. 39. A HAND-BOOK OF THE ELECTRO-MAGNETIC 
TELEGRAPH. By A. E. Loring 50 

No. 40. TRANSMISSION OF POWER BY COMPRESSED 
AIR. By Robert Zahner, M.E $0 

No. 41. STRENGTH OF MATERIALS. By Wm. Kent, C.E.. $0 
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No. 42. VOUSSOIR ARCHES APPLIED TO STONE 
BRIDGES, TUNNELS, CULVERTS, AND DOMES. By 
Prof. Wm. Cain 50 

No. 43- WAVE AND VORTEX MOTION. By Dr. Thomas 
Craig, of Johns Hopkins University $0 

No. 44. TURBINE WHEELS. By. Prof. W. P.Trowbridge, 
Columbia College 50 

No 45. THERMODYNAMICS. By Prof. H. T. Eddy, Univer- 
sity of Cincinnati 50 

No. 46. ICE-MAKING MACHINES. From the French of M. 
Le Doux. 50 

No. 47. LINKAGES ; THE DIFFERENT FORMS AND 
USES OF ARTICULATED LINKS. By J. D. C. De 
Roos 50 

No. 48. THEORY OF SOLID AND BRACED ARCHES. By 
Wm.Cain, C.E 50 

No. 49. ON THE MOTION OF A SOLID IN A FLUID. 
By Thomas Craig, Ph.D 50 

No. 50. DWELLING HOUSES : Their Sanitary Construction 
and Arrangements. By Prof. W. H. Corfield 50 

No. «. THE TELESCOPE: Its Construction, etc. By Ihos. 
Nolan 50 

No. 52. IMAGINARY QUANTITIES Translated from the 
French of M. Argand. By Prof. Hardy 50 

No. 53. INDUCTION COILS : How Made and How Used. ... 50 

No. 54. KINEMATICS OF MACHINERY. By Prof Kennedy. 
With an introduction by Prof. R. H. Thurston so 

No. 55. SEWER GASES : Their Nature and Origin. By A. De 
Varona 50 

No. 56. THE ACTUAL LATERAL PRESSURE OF EARTH- 
WORK. By Benj. Baker, M. Inst. C.E 50 

No. 57. INCANDESCENT ELECTRIC LIGHTS, WITH PAR- 
TICULAR REFERENCE TO THE EDISON LAMPS AT 
THE PARIS EXHIBITION. By Comte Th. Du Moncel, 
Wm. Henry Preece, J. W. Howell, and others. Second edi- 
tion 3« 

No. 58. THE VENTILATION OF COAL-MINES. By W. 
Fairley, M.E., F.S.S 50 

No. 59. RAILROAD ECONOMICS ; or. Notes, with Com- 
ments. By S. W. Robinson, C.E 50 

No. 60. STRENGTH OF WROUGHT-IRON BRIDGE MEM- 
BERS. By S. W. Robinson, CE 50 

No. 61. POTABLE WATER AND THE DIFFERENT 
METHODS OF DETECTING IMPURITIES. ByChas. 
W. Folkard 50 
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No. 6a. THE THEORY OF THE GAS ENGINE. ByDugald 
Clerk 50 

No.^. HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard 50 

No. 64. ELECTRO-MAGNETS. By Th. Du Moncel so 

No. 65. POCKET LOGARITHMS TO FOUR PLACES DE- 
CIMALS 50 

No. 66. DYNAMO-ELECTRIC MACHINERY. By S. P. 
Thompson. With netes by F. L. Pope 59 

No. 67. HYDRAULIC TABLES, BASED ON «' KUTTER'S 
FORMULA." ByP.J.Flynn SO 

No. 68. STEAM-HEATING. By Robert Briggs SO 

No. 69. CHEMICAL PROBLEMS. By Prof. J. C. Foye. Sec- 
ond edition, revised and enlarged SB 

No. 70. EXPLOSIVES AND EXPLOSIVE COMPOUNDS. 
By M. Berthoiet SB 

No. 71. DYNAMIC ELECTRICITY. By John Hopkinson, J. 
A. Schoolbredj and R. E. Day 50 

No. 72. TOPOGRAPHICAL SURVEYING. By Geo. J. Specht, 
Prof. A. S. Hardy, John B. McMasUr, and H. F. Wallmg. ... 50 

No. 73. SYMBOLIC ALGEBRA ; or. The Algebra of Algebraic 
Numbers. By Prof. W. Cain 50 

No. 74. TESTING-MACHINES, Their History, Constructran, 
and Use. By Arthur V. Abbott 50 

No. 75. RECENT PROGRESS IN DYNAMO-ELECTRIC MA- 
CHINES. Being a Supplement to Dsmamo-Electric Ma« 
chinery. By Prof. Sylvanus P. Thompson 50' 

No. 76. MODERN REPRODUCTIVE GRAPHIC PRO- 
CESSES. ByLt. Jas. S. Pettit, U.S.A 5* 

No. 77. STADIA SURVEYING. The Theory of Stadia Measure- 
ments. By Arthur Winslow 50 

No. 78. THE STEAM-ENGINE INDICATOR, and Its Use. 
ByW. B.Lc Van 50 

No. 79. THE FIGURE OF THE EARTH. By Frank C. 
Roberts, C.E.... 50 

No. 80. HEALTHY FOUNDATIONS FOR HOUSES. By 
Glenn Brown 50 

No. 81. WATER METERS : Comparative Tests of Accuracy, 
Delivery, etc. Distinctive features of the Wortkington, Ken- 
nedy, Siemens, and Hesse Meters. By Ross E. Browne .... 50 

No. 82. THE PRESERVATION OF TIMBER by the use of 
Antiseptics. By Samuel Bagster Boulton, C.E $0 

No. 83. MECHANICAL INTEGRATORS. By Prof .Heniy S. H. 
Shaw, C.E 50 
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